The behavior of polyethylene oxide ͑PEO, molecular weight, M w =9ϫ 10 5 , as an impurity͒ was studied in the critical binary mixture of nitroethane ͑NE͒ + 3-methylpentane ͑MP͒ by refractive index measurements. The measurements were performed at three different PEO concentrations ͑C = 0.373, 0.759, and 1.509 mg/ cc͒ in the near critical composition of NE/MP. We observed that the coexisting phase region shifts down with increasing PEO concentration and the critical temperature ͑T c ͒ decreases linearly with C. At temperatures T close enough to T c , the critical exponent ␤ ͓defined by the relation ͑n 1 − n 2 ͒ ϰ ͑T c − T͒ ␤ , with n 1 and n 2 being the refractive indices of the coexisting phases͔ was found to decrease from 0.456 to 0.372 when the PEO concentration changes from 0.373 to 1.509 mg/ cc. These values are higher than that of 0.345± 0.015 of pure NE/MP, which is compatible with the three-dimensional Ising value ␤ = 0.325. It appears that the shape of the PEO in NE/MP coexistence curves is similar from that of pure NE+ MP.
I. INTRODUCTION
The behavior of long chain molecules in binary solvents is fascinating and of great fundamental and practical importance. The critical phenomena of a polymer [1] [2] [3] [4] [5] [6] [7] in coexisting systems have been explored in the past three decades from both fundamental and industrial points of view. There have been notable theoretical [8] [9] [10] studies to delineate the effects on the conformation of polymer chain in a bicomponent mixture. Brochard and de Gennes 10 found that for temperatures near the critical temperature T c of the binary solvent mixture, there should be an indirect solvent-mediated attraction between chain monomers. The interaction range of such attraction is that the solvent spontaneous composition fluctuation correlation length diverges when approaching the critical point of the solvent. Hence, the polymer would first collapse in the vicinity of the solvent critical point but reexpand when the correlation length is larger than the size of the polymer. Such prediction has been verified by numerical simulation 11 while the shrinking of polymer towards the critical point has been observed experimentally. 3 Moreover, numerical simulations ͓Monte Carlo ͑MC͒ simulation and polymer reference interaction site model ͑PRISM͔͒ 12, 13 show that a high molecular weight polymer chain shrinks when approaching the critical point of the solvent. In this case there is an indirect intrachain attraction between monomeric units of chain. Then the long chain can take a specific winding conformation, with the fractal structure which is rather close to the globular structure. In addition, Vasilevskaya et al. 12 explicitly conformed that the strongly fluctuating solvent can induce significant conformational changes and the polymer chain can undergo the complex coil-globule-coil transition. Dua and Cherayil 13 further noted analytically that high molecular weight polymer-solvent system approaches the proximity of the supercritical point of the solvents, the chain contracts, eventually reaching a compact globular conformation, and subsequently to return to its original dimensions when the correlation length of the solvent density fluctuations is comparable to the mean radial dimensions of the chain. In their calculations, there is an effective and attractive volume of interactions between the different parts of the polymer. On the other hand, the polymer in the critical binary fluid may behave as force centers that preferentially adsorb one of the solvent components and change the properties of the system, including the local fluctuations of the concentration, and critical exponents. 14, 15 The experimental evidence comes from the light-scattering investigations of poly͑ethylene oxide͒ ͑PEO͒ in nitroethane/ 3-methylpentane 2, 7 ͑NE/MP͒ and polyacrylic acid ͑PAA͒ in 2,6-lutidine and water ͑LW͒, 3, 4 and the fluorescence spectroscopic studies of poly ͑N-isopropylacrylamide͒ in cyclohexane and methanol 5 suggested that the above-mentioned effects appear to be real. The theoretical aspects, [8] [9] [10] simulations, [11] [12] [13] and experimental data 3, 4 reveal that the polymer chain would first contract and collapse near the critical point of the solvent and then subsequently return to its original dimensions. On the other hand, when a polydisperse polymer dissolved in a critical mixture, the polymer distributes itself between the coexisting phases and it will reside in each phase. 6 The theoretical value of ␤ for any binary critical mixture, which has a universality class, is 0.325± 0.001 which is in good agreement with the experimental value. 16 It was already found that the ␤ value for a large molecular size of polymer ͑PAA M w = 7.5ϫ 10 5 ͒ into LW is 0.41± 0.02, which is higher than that ͑0.31± 0.01͒ of the pure LW sample. 4 Since LW has an inverted coexistence curve with a lower critical solution temperature ͑LCST͒, it will be interesting to see if the similar effect can be observed in a binary mixture with an upper critical solution temperature ͑UCST͒. This led us to perform our measurements of exponents for other system, which contains high molecular weight polymer ͑PEO͒ with an UCST binary mixture ͑NE/MP͒, in order to check if ␤ is universal or not for all binary mixture containing high molecular weight polymer. From our experimental data the value of ␤ for PEO in NE/MP at highest PEO concentration was found to be 0.372± 0.015 which is higher than that of 0.345± 0.015 of pure NE/MP. From these results we observed that the value of ␤ for the binary critical mixture with a high molecular weight polymer may not be the universality class.
II. EXPERIMENT

A. Materials
PEO of molecular weight, M w =9ϫ 10 5 , was obtained from Aldrich ͑Catalog No. 18945-6͒ and used as received. NE of 99.5% purity and 3-MP of 99.6% purity were purchased from Aldrich and are filtered by a 0.47-m disposal filter ͑Millipore, Millex-GS͒ before performing the experiment. Since NE is a good solvent for PEO, the sample was made by first dissolving PEO in NE then MP was added to obtain PEO/ NE+ MP samples of designated compositions. A series of critical samples of the binary mixture ͑NE+ MP͒ with PEO concentrations C = 0, 0.373, 0.759, and 1.509 mg/ cc was prepared.
B. Experimental procedure
A homebuilt high-precision and sensitive refractometer was used for the refractive index measurements of the critical NE/MP mixture with and without three different concentrations of PEO. The detailed procedure and apparatus used in this work have been delineated in an earlier article by To 4 and Houessou et al. 17 A bubble-free sample of 2 cc was introduced with a small Teflon coated magnetic bar in a quartz coquette ͑QC͒ sample cell of 1-cm 2 square cross section. The cell was then sealed airtight and secured in a sample holder with a water submersible magnetic stirrer. The sample holder was placed in a water bath ͑WB͒, temperature controlled to ±0.002°C, made of 2-cm-thick transparent plexiglas and a well stirrer was introduced in this bath to circulate the water to reduce the temperature gradient. We mounted the sample holder such that it could be rotated about the vertical axis through the center of the coquette cell. The bath temperature was monitored using a quartz probe of a high-precision thermometer ͑HP2804A quartz thermometer, Hewlett-Packard͒ with an IEEE488 bus connected to a personal computer ͑PC͒. The PC read the temperature and sent back the appropriate heat to the water bath through a computer-controlled power supply and an electric heater.
Initially, the stirrer was turned on for at least 30 min to thoroughly mix the two coexisting phases inside the sample cell. After that the stirrer was turned off and the sample was let undisturbed for at least 30 min for the sample to be completely phase separated under gravity. Between changing the temperature and beginning the collection of the data a period of typically 1 h elapsed. In the temperature regime studies, physicochemical measurements have shown that such a time scale is satisfactory for equilibrium, even for the measurements very near to the critical temperature. 18 Furthermore, no shift of the critical temperatures was observed during the measurements by checking the critical temperatures before and after the refractive index measurements. Thus, this way we ensured that both coexisting phases are in equilibrium, while we measured the refractive indices by the method of minimum angle deviation. In order to measure simultaneously the refractive indices of both coexisting phases in the phase-separated sample, a vertical laser sheet, obtained by a He-Ne laser beam passing through a line generator, was directed to the sample cell.
Since part of the laser sheet did not pass through the sample cell at all, the reference point where the undeviated laser beam hit the screen could also be measured at the same time. Measurements of L 1 ͑the location where the laser strikes on the screen͒ were taken through the four apex angles ͑corners͒ of QC. In our subsequent calculations, we determined the refractive index through the L 1 value of each of the four corners of the square cell for both upper and lower phases at each temperature. The standard deviation of the measurements through the four corners was independent of the temperature and the measured n values are almost the same for all the four corners of QC, thereby the n values are reproducible. Such arrangements reduced the systematic error due to the fact that the cross section of the coquette may not be perfectly square. 4, 19 The precision of the experimental n values was obtained by the estimated errors in L 1 , which gave ±0.0001, the distance ͑L 2 ͒ from the wall of the WB to the screen gave ±0.0001 and the distance ͑h͒ between QC and the wall of the WB gave ±0.0001. Based on the differences of L 1 measured through the four corners, the uncertainty due to geometrical imperfections of the cell can be assigned as ±0.0001. As a result, the overall precision of our refractive index measurement is ±0.0004. The dependence of the refractive index of water in water bath at different temperatures was taken from the CRC Handbook. 20 To test the geometry of the cell and check the sensitivity of the refractometer, we measured the refractive indices of the samples of pure NE and pure MP at critical temperatures and at 20 and 25°C. The measured n values and those reported in the literature are listed in Table I . From this table, one can clearly see that the refractive indices of the pure components are in good agreement at 20 and 25°C with literature values. [20] [21] [22] 
C. Critical binary mixture or coexisting curve
The critical binary mixture ͑NE+ MP͒ has been investigated by several other researchers [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] to understand the anomalous behavior in the vicinity of the critical point with different detailed experimental studies. A few investigations 2, 7 have shown the PEO behavior in NE/MP mixtures. The scattering intensity ͑SI͒ was found to increase abruptly near the critical composition of NE/MP although the sample was very far from the critical temperature of NE/MP mixture through static and dynamic light-scattering methods by To et al. 2 In addition, they also observed that SI increases with the PEO concentration in NE/MP mixture. Gevorkian and Hu 7 calculated the density-density correlation function of PEO with NE/MP by using the concept of a fluctuating excluded-volume constant.
If a minute amount of a polymer ͑as an impurity͒ is added to a binary solvent, it may affect the coupling between composition fluctuations and the critical behavior. In a good solvent, the liquid-polymer interactions expand the polymer coil from its unperturbed dimensions, in proportion to the extent of these interactions. In a poor solvent, the interactions are fewer and coil expansion or perturbation is restricted. When T is close enough to T c , the possibility that shifting down of the critical region might distort the concentration of the PEO response of our probe during the refractive index measurements exist. In this work we studied this effect by measuring the temperature dependence of the refractive index of a critical mixture NE/MP containing three different PEO concentrations.
Note that the binary mixture NE/MP has an UCST of about 26.5°C, so we kept the samples in a temperatureregulated bath at 30°C overnight for them to reach equilibrium while in one single homogeneous phase. The temperature was then decreased slowly ͑by a step of 0.001°C͒ until a phase boundary was observed in the middle of the vial, indicating that the sample was near critical. With the sample in the sample cell, a meniscus could be seen to form in the center of the sample cell. The position of the meniscus in the center at 1 m°C below T c indicated that the volumes of the coexisting liquid phases were equal-a feature of criticality. The critical composition can essentially be determined independently of the T c . Clearly, critical opalescence is not a difficulty in this mixture, where the problem is rather of seeing the meniscus in the sample cell. Then the critical temperatures were found by visual observation. We found that increasing the PEO concentration from 1.60 to 1.70 mg/ cc caused mixture significant turbidity on the NE+ MP critical mixture, so the saturation PEO concentration in critical NE + MP mixture is between 1.60 and 1.70 mg/ cc.
With a sample of pure NE+ MP mixture, we checked that a critical sample of NE+ MP which consists of 3.2388 g of NE ͑0.0431 mole͒ and 3.7271 g of MP ͑0.0432 mole͒ had an UCST, T c , of 26.447± 0.002°C using the equal volume criterion. The composition of this sample was 0.4994-mole fraction of NE ͑x c ͒ which is in good agreement with the literature values ͑Wims et al. 23 reported T c = 26.456°C and x c = 0.5000, Greer and Hocken 24 and Greer et al. 25 reported T c = 26.445°C and x c = 0.5010, Sanchez et al. 26 reported x c = 0.498, Hamelin et al. 27 reported x c = 0.5000, Petrula et al. 28 reported T c = 26.456°C, and Garland and Sanchez 29 reported T c = 26.440°C͒. In other words, Chang et al. 30 observed that, by an analysis of the position of the meniscus, their sample was below the T c as a function of temperature. They confirmed that the actual concentration of their liquid mixture was within 0.3% of the critical concentration and the reported T c value was 26.395± 0.002°C. Later with a new sample Burstyn and Senger 31 ͑BS͒ carried out the decay rate of the order-parameter fluctuations as a function of temperature and wave number on this system near the critical mixing point and also viscosity measurements were performed by Berg and Moldover 32 ͑BM͒ on the NE/MP system. However, our composition differed from the critical composition data of BS and BM, by 0.6% ͑corresponding to 0.003-mole fraction units͒, probably due to their sample being slightly rich in nitroethan.
III. RESULTS AND DISCUSSION
The temperature dependence ͑i.e., coexistence curves͒ of the refractive indices of the coexisting phases of our samples was reproducible and is summarized in Fig. 1 and listed in Table II , in which each coexistence curve consisted of 25-32 pairs of measured refractive indices at temperatures from 22.490 to 26.447°C. The entire shape of the coexistence curves for PEO in the NE/MP system is similar from those for pure NE+ MP. The NE-rich phase is possessing the higher density and also the refractive index than the MP-rich phase. Table III lists 1.509 mg/ cc͒ and also the measured refractive indices ͑n͒ for the samples of PEO in NE at the critical temperatures. Figure 1 demonstrates that the coexistence curves shift down with increasing PEO concentration in NE/MP mixture. This variation induces a modification of the phase transition region affected with the addition of PEO to NE+ MP mixture and presumably, the high molecular weight PEO preferential adsorption of NE molecules, since NE is the good solvent of PEO than MP. Such feature has been observed in many other systems and both the direction and the amount of shift depend on the particular systems. [39] [40] [41] The pure NE+ MP system has an apparent critical refractive index of 1.3856 from our experimental coexistence curve. However, Beysens et al. 33 reported an apparent critical refractive index of 1.3803, which was calculated using the Lorentz-Lorenz formula of density derivative of the refractive index 22 and their sample was away from the critical point ͑reported T c was 26.350°C͒, which is not consistent with our T c value. On the other hand, the n values of the NE/MP system shown in Fig. 1 for the NE-rich phase are a little bit higher than the n values of pure NE at 22.504°C ͑3.943°C far from T c of NE/MP͒. This unexpected situation may be as a result of the volume loss on mixing due to the Lorentz-Lorenz effect. 42, 43 In addition, nitroethane is hygroscopic and highly corrosive and these properties are complicated in the sample preparation. 24, 29 In order to analyze the experimental data, we obtained the critical exponent from the refractive index measurements of two coexisting phases. For evaluating ␤ we used the relation: ͑⌬n ϵ n 1 − n 2 ͒ ϰ ͑⌬T ϵ T c − T͒ ␤ , where n 1 and n 2 being the refractive indices of the two coexisting phases. Then we plotted the difference in the refractive index ⌬n against ⌬T in Fig. 2 . The value of ␤ is obtained by extracting the slope from the plot of log͑⌬n͒ vs log͑⌬T͒. The experimental data were analyzed with a properly weighted linear least-squares fit 44 to the simple scaling relationship ⌬n = B⌬T ␤ , where B is critical amplitude. The error in ⌬n was taken as ±0.000 56 and the error in ⌬T was ±0.0028°C. Fits were performed using the commercial program ORIGIN 7. For the binary mixture of NE+ MP in fit 1, all experimental values fall on a straight line and a weighted linear least square gives 0.366± 0.012 for the exponent ␤, which is substantially larger than the three-dimensional ͑3D͒ Ising value and also the available literature values. 23, 33, 45 Therefore, the three points furthest from T c ͑T c − T Ͼ 2.9°C͒ were eliminated from fit 2, which fit was good with no systematic deviations. The results for fit 1 and 2 and corresponding deviations are represented in the inset of Fig. 2 . We consider all data points for obtaining the critical values of ␤ and B for the remaining three systems of the PEO in NE+ MP. Some useful parameters of these systems are included in Table III . We found that the critical exponent value ␤ = 0.345± 0.015, from the best fit 2, for pure NE+ MP system The average refractive indices and the standard deviation ͑n 1 ͒ for each point is 1 ϫ 10 −4 , which indicates an error of the refractive indices of the four corners of the coquette sample cell.
which is consistent with the 3D Ising value ␤ = 0.325 as well as with the results found in different studies. Wims et al. 23 reported ␤ = 0.340± 0.010 by an analysis of the coexistence curve data, Stein and Allen 45 reanalyzed the coexisting curve data of Ref. 23 and found that the value ␤ = 0.324± 0.010, Beysens et al. 33 observed the value of ␤ = 0.325, which was obtained by the experimental density as a function of t ␤ , and also Reeder et al. 34 determined the value ␤ = 0.333± 0.031 by volume of mixing data for NE+ MP mixture. On the other hand, when PEO ͑0.373 mg/ cc͒ is added to NE/MP, ␤ abruptly increased to 0.456± 0.015, as shown in Fig. 3 . This may be interpreted as the addition of polymer, which induces an indirect attraction between polymer chain and the solvent molecules. Jacobs and co-workers also observed by the refractive index measurements water 40 or acetone 41 used as an impurity in the critical binary mixture of methanol + cyclohexane ͑ME+ CH͒ and pointed out that the impurity ͑0.10 vol % of water or 1.0% of acetone͒ enhances in the critical exponent of ME+ CH. However, the critical exponent ␤ changes with PEO concentrations. The values obtained for ␤ are 0.456± 0.015, 0.399± 0.014, and 0.372± 0.015 for the three different concentrations of 0.373, 0.759, and 1.509 mg/ cc, respectively. These exponents are decreasing with increasing the PEO concentration in NE/MP as shown in Fig. 3 . This is different from previous measurements of PAA in LW ͑Ref. 4͒ that the critical exponents ␤ were not changed when PAA concentration changes from 0.35 to 0.70 mg/ cc in LW. Note that PEO becomes insoluble in critical NE/MP mixture and precipitation takes place when we increased the PEO concentration to more than 1.60 mg/ cc. It was already observed 4 that the ␤ value of high molecular weight polymer ͑PAA͒ in binary critical mixture ͑LW͒ is 0.41± 0.02. This value is not the same to our exponent value of PEO in NE/MP mixture at highest PEO concentration. These observations suggest that the ␤ value may not be universal in binary critical mixtures containing high molecular weight polymer.
It is worth comparing the exponent of critical binary mixture with polymer with the exponent of the binary mixture with other impurities. As mentioned before, Tveekrem and Jacobs 40 have found that the effect of water impurity on the critical exponent ␤ of ͑ME+ CH͒ increases by about 0.0021/ 0.1% ͑volume water added͒. Hence, the effect of water to ␤ in ME+ CH is negligible as compared to the change of ϳ0.1 in ␤ when a small amount ͑ϳ0.1% by mass͒ of polymer ͑PAA and PEO͒ was added to the binary mixtures ͑LW and NE+ MP, respectively͒. Similarly, the coexistence curve exponent of isobutyric acid+ water ͑IW͒ with cesium bromide ͑CsBr͒ was found to be =0.320± 0.015 by Bouanz and Beysens 46 which was almost same ͑0.313± 0.010͒ that of pure IW. Bianchi and Japas 47 observed that ␤ = 0.328± 0.010 by the coexistence curve of waterϩ1,4-dioxane with potassium chloride ͑salt-saturaration condition͒ on density measurements. Furthermore, the coexisting phases of water+ 3-methyl pyridine with sodium bromide ͑fixed composition͒ on the measurements of the refractive indices by Gutkowski et al. 48 determined that the value of ␤ = 0.326± 0.010 and also on the refractive indices measurements of the coexistence of tricritical point of the ternary system water+ 3-methyl pyridine with sodium bromide ͑10-17 mass % ͒, by Wagner et al. 49 predicted that the value of ␤ at all concentrations was 0.325.
It appears that the ␤ value of binary critical mixture with ionic salt is the same as that for pure mixture without ionic salt. In contrast, our results together with that of Ref. 4 explicitly showed that the critical exponent ␤ is different for critical mixtures with and without polymer and this finding is true whether the binary mixture has an upper critical point or a lower critical point. The similar appearance has been observed in the coexistence curve of polystyrene ͑PS II, M w = 7.19ϫ 10 5 ͒ in polystyrene ͑PS I , M w = 1.72ϫ 10 4 ͒ + methylcyclohexane ͑MC͒ by using the refractive index measurements by Dobashi et al. 50 According to their study, the critical exponent of PS I + MC changes from 0.335± 0.001 to 0.384± 0.004 when PS II was added to PS I + MC. On the basis of these studies, we noticed that the critical exponent is closely related to the behavior of the critical point and the third component such as a polymer modifies the critical exponents of the binary critical mixture. However, the entire shape of the coexistence curve for PS II in the PS I + MC system was entirely different from those for the binary system. 50 In other words, Shen et al. 51 showed that the ternary systems containing two homologous polymers PS I ͑M w = 13 700 or 23 700 or 29 400 or 34 000͒ +PS II ͑M w = 929 000͒ with MC behave a three-phase system and a tricritical point.
It is interesting to examine the change of the critical point due to the polymer. The change in T c of NE+ MP due to PEO is presented in Fig. 4 . The critical temperatures of NE+ MP in PEO at three different concentrations of 0.373, 0.759, and 1.509 mg/ cc were experimentally located at 26.191± 0.002, 25.949± 0.002, and 25.504± 0.002°C, respectively. Here one can see that T c decreases linearly with PEO concentration with a rate of about −0.6°C / 0.1 vol %. The decrease in the critical temperature of NE+ MP suggests that the PEO molecule favors mixing of the solvent molecules. Bak and Goldburg 52 delineated that the critical temperature of phenol and water system depresses from 66.05 to 36.04°C when less than 0.02 wt % hypophosphorous acid ͑H 3 PO 2 ͒ as an impurity was added to phenol + water critical mixture. Nevertheless the effect of PEO to NE+ MP is much smaller than that ͑+3.8°C / 0.1 vol % ͒ of water to ME+ CH. 40 It is noteworthy to make a comparison of the phase separation of our PEO in the NE+ MP sample to that of polymer blends. Štěpánek et al. 53 studied the critical phenomena of polymer blends of poly ͑ethylene-altpropylene͒, ͑PEP, M w = 5000͒ + poly͑dimethyl siloxane͒, ͑PDMS, M w = 2130͒ by dynamic light-scattering ͑DLS͒ and small-angle neutron-scattering ͑SANS͒ measurements. They concluded that the addition of the third component as a diblock copolymer PDMS ͑52% PDMS, M w = 10 400͒-PEE ͓poly͑ethyl ethylene͒, M w = 1710͔ to binary blends ͑PEP/ PDMS͒, the temperature of phase separation decreases and reduces the extent of compositions fluctuations. This conclusion is consistent with the DLS and SANS results of Morkved et al. 54 on ternary polymer blends. In contrast, the critical temperature has been found to increase linearly with the addition of the third component ͑as an impurity͒ to very similar binary critical mixtures. 39, [55] [56] [57] Unlike the critical temperature which decreased monotonically with the amount of PEO added, the critical composition c of NE+ MP decreased from 0.650 to 0.644 when 0.373-mg/ cc PEO was added. When more PEO was added, c decreased with increasing PEO concentration at a rate of 0.0089/ mg/ cc PEO added ͑see Fig. 5͒ . Our results indicate that the critical composition of the mixtures ͑three different PEO concentrations in NE/MP͒ did not change appreciably. In other words, the change in the critical compositions is less than 0.02 ͑from 0.650 to 0.632͒. When we added the PEO to NE/MP mixture, presumably, a NE-rich phase completely wets PEO molecules, and a wetting layer was formed close to the PEO molecules because NE is a good solvent of PEO than MP. This interaction makes less NE available to take part in the phase transition. Since it becomes less NE available in the bulk, we need to add more NE in order to make phase separation and to shift the bulk back to the critical composition. Therefore, the apparent critical composition in terms of the volume fraction of MP decreased from 0.650 to 0.632 when more PEO ͑0 -1.509 mg/ cc͒ was added into NE/ MP. Bak and Goldburg 52 have also noted that a change in the critical composition with hypophosphorous acid ͑H 3 PO 2 ͒ as an impurity content was less than 0.02 wt % in the critical mixture of phenol and water. Furthermore, Cohn and Jacobs 41 also concluded that the critical composition decreased by 0.005/ 1.0 vol % acetone impurity was added to the binary fluid mixture ME+ CH.
Note that the refractive index n is a function of the temperature and critical composition ͑ c ͒ of the sample. Therefore we determined the critical composition ͑ c ͒ using this relation; n ͑at critical point͒ = c ͑MP͒ ϫ n͑MP͒ + ͑1− c ͒ ͑NE͒ ϫ n͑NE͒ and also critical temperature ͑T c ͒ from the coexistence curves. The value of c comes as a mass fraction. These observed values are included in Table III . In fact, these calculated c values are differed from the actual c by 3.8%-5.1% and the observed T c 's are within 0.004%-0.015% of the experimental T c 's.
We have noted the changes in the refractive indices among the samples of various PEO concentrations in NE + MP mixture ͑see Fig. 1͒ . In other words, Fig. 6 shows that the refractive index decreased abruptly from 1.3893 to 1.3860 when 0.373-mg/ cc PEO was added in pure NE. However, there is no significant change in the refractive index ͑1.3860-1.3856͒, which varies within its experimental error, with increasing PEO concentration ͑from 0.373 to 1.509 mg/ cc͒ in NE ͑see Table III͒ . These observations tell us that the strength of the polymer-solvent interaction depends on the concentration of the polymer and also the poor solvent MP.
IV. CONCLUSIONS
We performed experiments describing the role of critical exponents, critical composition, and critical temperatures of the coexistence curve of nitroethane and 3-methylpentane ͑NE/MP͒, in the presence of high molecular weight of poly͑ethylene oxide͒͑PEO͒. Our results reveal that the phase transition, exponents, critical temperatures, and critical composition shift down with increasing the PEO concentration in NE+ MP. In the phase-separated region, the critical exponents of PEO in NE+ MP are higher ͑0.372-0.456͒ than that ͑0.345± 0.015͒ of pure NE/MP. We observed that ␤ value may not be universal in binary mixtures containing high molecular weight polymer. Of course a rigorous conformation requires more motivated experimental studies. The measurements of the coexistence curve should help us to clear the issue. 
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